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In some parts of Malaysia, wastewater treatment plants (WWTPs) are located in 
industrial areas. These WWTPs receive wastewater mostly from these industrial 
activities regularly or occasionally. Therefore, their biochemical oxygen demand 
(BOD), chemical oxygen demand (COD) and ammonia nitrogen (NH3-N) are very 
high. Conventional biological treatment processes are incapable of producing 
desirable effluent quality with the increasingly stringent discharge requirement.  
 
In this study, a laboratory-scale membrane bioreactor (MBR) was used for treating 
high strength municipal wastewater. Prepared synthetic wastewater samples which 
represent a high strength municipal wastewater as well as the actual high strength 
municipal wastewater were used in the study. The developed MBR was operated 
under different conditions using statistical experimental full factorial design with 
three factors and three levels. The factors were sludge retention time (SRT), feed 
temperature (Tf) and organic loading rate (OLR) and their respective levels were 25, 
30 and 35 days; 20, 30 and 40 oC; and 1.73, 4.03 and 6.82 kg COD/m3 .d . 
 ii
To evaluate the performance of MBR under the different operating conditions, ten 
trials were carried out using the prepared synthetic wastewater samples. The MBR 
could cope with the different operating conditions with high accuracy on the 
experimental results. Permeate COD, BOD, NH3-N and total suspended solids (TSS) 
varied from 0 to 32, 0.3 to 13.1, 0.004 to 0.856 and 0 to 26 mg/l respectively. The 
pH in the aeration tank increased significantly compared to that of the feeding tank. 
In addition, the increasing pH of the aeration tank was well correlated to that in the 
feeding tank. (R2 = 0.8336 for low OLR trials and 0.9106 for high OLR trials).  
 
To investigate the effects of the different operating conditions on membrane fouling, 
sustainable time (tsust) was used as a measure to compare the different trials. Within 
the same OLR level, tsust increased as SRT and Tf increased. Sustainable time was 
found to decrease as the ratio of mixed liquor volatile suspended solids to mixed 
liquor suspended solids (MLVSS /MLSS) increased with a correlation coefficient 
(R2) of 0.808.  
 
When MBR was used to treat the actual high strength municipal wastewater, the 
respective average removal efficiencies of COD, BOD and NH3-N were 98.4, 99.7, 
and 99.9%. These were found to be comparable with those values obtained from the 
synthetic wastewater treated by MBR . 
  
Empirical models were developed to predict the concentrations of permeate COD, 
BOD and NH3-N. The predicted values were highly correlated with the observed 
values (R2 of 0.9188, 0.9111 and 0.9899 respectively for the three parameters 
 iii
mentioned). However the models of COD and BOD were found to be more accurate 
than the NH3-N model.  
 
Future work on the optimization of MLSS concentration and aeration rate as well as 
the improvement on the techniques for reducing the membrane fouling is 
recommended.  
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Di sesetengah tempat di Malaysia, loji olehan kumbahan airsisa terletak di kawasan 
industri. Loji-loji olehan kumbahan airsisa ini kebanyakannya menerima air sisa 
daripada aktiviti-aktiviti industri secara berterusan atau berkala. Oleh itu, tahap 
keperluan oksigen biokimia (BOD), keperluan oksigen kimia (COD) dan ammonia 
nitrogen (NH3-N) adalah sangat tinggi.  Proses olehan biologi konvensional tidak 
mampu menghasilkan kualiti effluen yang dapat memenuhi piawai kumbahan yang 
semakin ketat.  
 
Di dalam kajian ini, satu bioreaktor membran skala makmal (MBR) telah 
direkabentuk, dibina dan diaplikasikan dalam mengolah air sisa domestik 
berkekuatan tinggi. Penyediaan air sisa sintetik yang mewakili air sisa domestik yang 
berkekuatan tinggi dan juga  air sisa domestik sebenar yang berkekuatan tinggi telah 
digunakan di dalam kajian. MBR yang telah dibangunkan beroperasi di bawah 
keadaan yang berbeza dengan menggunakan rekabentuk faktorial penuh eksperimen 
statistik dengan tiga faktor dan tiga tahap. Faktor-faktor itu ialah masa tahanan 
enapcemar (SRT), suhu suapan makanan (Tf) serta kadar bebanan organik (OLR) 
 v
dan nilai-nilai tersebut ialah 25, 30 dan 35 hari;  20, 30 dan 40 oC; dan 1.73, 4.03 dan 
6.82 kg COD/m3 .hari masing-masing. 
 
Untuk menguji prestasi MBR di bawah keadaan operasi yang berbeza, sepuluh ujian 
telah dijalankan dengan menggunakan sample air sisa sintetik tersedia. MBR 
tersebut berupaya beroperasi di bawah keadaan operasi yang berbeza dengan 
ketepatan tinggi ke atas keputusan eksperiman. Turasan dengan nilai COD, BOD, 
NH3-N dan Jumlah Pepejal Terampai (TSS) adalah berjulat dari 0 sehingga 32, 0.3 
sehingga 13.1, 0.004 sehingga 0.856 dan 0 sehingga 26 mg/l masing-masing. Nilai 
pH di dalam tangki pengudaraan meningkat dengan ketara jika dibandingkan dengan 
tangki suapan makanan. Tambahan pula, peningkatan pH di dalam tangki 
pengudaraan dapat dikorelasikan dengan tangki suapan makanan (R2 = 0.8336 untuk 
ujian OLR rendah dan 0.9106 untuk ujian OLR tinggi).  
 
Untuk menyiasat kesan-kesan keadaan operasi yang berbeza ke atas penyumbatan 
membran, masa mampan (tsust) telah digunakan sebagai sukatan bandingan bagi 
ujian-ujian yang berbeza. Di dalam lingkungan tahap OLR yang sama, tsust 
meningkat apabila SRT dan Tf meningkat. Masa mampan telah didapati menurun 
apabila nisbah pepejal terampai meruap likuor campur kepada pepejal terampai 
likuor campur (MLVSS/MLSS) meningkat dengan pekali korelasi (R2) 0.808.  
 
Apabila MBR digunakan untuk mengolah air sisa domestik sebenar yang 
berkekuatan tinggi, purata keberkesanan penyingkiran untuk COD, BOD dan NH3-N 
ialah 98.4, 99.7, dan 99.9% masing-masing. Keputusan ini didapati sejajar dengan 
 vi
nilai yang telah diperolehi terlebih dahulu daripada model air sisa yang diolah 
dengan MBR. 
 
 Model empirikal  telah dibangunkan untuk meramal kepekatan turasan COD, BOD 
dan NH3-N. Nilai yang telah diramal adalah sangat berkorelasi dengan nilai sebenar 
(R2 dengan 0.9188, 0.9111 dan 0.9899 masing-masing untuk tiga parameter yang 
telah disebut). Walaubagaimanapun, model untuk COD dan BOD didapati lebih 
tepat dibandingkan dengan model NH3-N.  
 
Kajian masa hadapan ke atas pengoptimuman kepekatan MLSS dan kadar 
pengudaraan di samping pembaikan ke atas teknik untuk mengurangkan 
penyumbatan membran disarankan.  
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